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(54) Drive belt, element therefor and construction in which this is used 

(57) The invention relates to a drive belt (3) for a 
continuously variable transmission having belt discs (2) 
having an at least partially conical contact surface for 
enclosing a drive belt between pairs of said discs, which 
drive belt (3) to this end comprises one or more trans- 
verse elements (6) provided with converging side faces 
(8) intended to come into contact with the contact sur- 
face (4, 5) of a belt disc (1, 2) and wherein one or more 
side faces (8) possess a surface which has protuber- 
ances providing a profile, which surface has" therein 
contact faces (18), defined by the protuberances, for 
coming into contact with the contact surface (4, 5) of a 
belt disc (1, 2), wherein the profile is shaped such that 
on cross-sectioning parallel to the side face (8) con- 
cerned, or after wear of the profile at or down to a level 
which is located at least thirty percent and at most sev- 
enty percent of the profile height (h) beneath the initial 
profile height (h), the surface area effectively available 
for coming into contact with the contact surface (4, 5) of 
a belt disc (1,2) lies within the range of forty to sixty per- 
cent with respect to the dimensions of the side face (8) 
in which the contact faces (1 8) are present. 
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Description 

[0001] The present invention relates to. inter alia, a 
drive belt for a continuously variable transmission hav- 
ing belt discs having an at least partially conical contact 
surface for enclosing a drive belt between pairs of said 
discs, which drive belt to this end comprises one or 
more transverse elements provided with converging 
side faces intended to come into contact with the con- 
tact surface of a belt disc and wherein one or more side 
faces possess a surface which has protuberances pro- 
viding a profile, which surface has therein contact faces, 
defined by the protuberances, for coming into contact 
with the contact surface of a belt disc. 
[0002] A drive belt of this type, also referred to as a 
belt, is disclosed in European Patent Application. 
0.381.258. In this belt the elements have a predeter- 
mined profiled contact surface having protuberances 
formed by ridges and having recesses formed by 
grooves. In the known construction the width of the con- 
tact face of a ridge, measured "in the profile", is at most 
100 urn and the width of a groove is less than or equal 
to 300 \im, the grooves taking up at least fifty percent of 
the total surface in which they are present. The drive 
belt operates together with a set of belt discs in combi- 
nation with supplied oil, which inter alia serves to 
remove heat. In the known construction the ratio 
between the surface dimensions of protuberances and 
grooves is optimised with respect to the discharge of oil 
into the grooves and collection of oil in said grooves, in 
order to prevent slip between drive belt and belt disc. 
The known construction has the disadvantage that 
when the transmission is taken into use for the f irst time 
damage to the pulley and belt or breakage of the belt, 
can occur initially. The aim of the present invention is at 
least advantageously to overcome or substantially to 
prevent this phenomenon, at least to obtain an 
improved profile, preferably a profile shaped such that, 
in order to prevent the above mentioned problems, opti- 
mum account is taken of physical phenomena which 
arise between drive belt and belt disc during running in. 
[0003] According to the invention this is achieved 
when the profile is shaped such that on cross-sectioning 
parallel to the side face concerned or after wear of the 
prof ile at or down to a level located at least thirty percent 
and at most seventy percent of the profile height 
beneath the initial profile height, the surface area effec- 
tively available for coming into contact with the contact 
surface of a belt disc lies within the range of forty to sixty 
percent with respect to the dimensions of the side face 
in which the contact faces are present. In accordance 
with the insight on which the invention is based, a con- 
struction of this type advantageously provides a possi- 
bility for running in the drive belt and provides an 
advantageous shape for the protuberances which, 
whilst retaining advantageous ratios with respect to dis- 
charge of oil into the grooves and collection of oil in said 
grooves, is optimised with respect to correct and advan- 



tageous running-in wear and which prevents damage 
and has a beneficial effect on the period for which the 
belt can be put under load. Running-in in accordance 
with the invention is possible by means of wearing down 

5 profile sections in the outermost layer of the profile to a 
depth of, for example, approximately 10 jim, in which 
layer the proportion of the prof ile that acts as a bearing 
surface is small, and thus the possibility of wear is high. 
Such an optimum possibility for initial wear prevents ele- 

10 ments of the drive belt eating into the contact surface of 
the pulley, or giving rise to irregularities, such as scores, 
therein, during running-in of a belt and pulley combina- 
tion. This possibility arises, for example, as a conse- 
quence of variation in width of successive elements in a 

75 belt, or the inequality therein with respect to an imagi- 
nary plane of symmetry between two pulley discs, or as 
a consequence of variation in the angle of the flanks of 
the elements. Such an element can be forced radially 
outwards under the pressure of the pulleys so that an 

20 adversely high tension and a local adversely high load 
on an innermost band of a composite band of the drive 
belt would be created. The possibility for initial wear cre- 
ated according to the invention thus also leads to opti- 
mum seating of a belt/pulley combination and also 

25 prevents belt breakage or damage to the pulley on run- 
ning-in a relatively wide element between two pulley 
discs. 

[0004] The construction according to the invention 
also has the advantage that the contact surface is ini- 

30 tiaily minimal but, as a result of the preferably sinusoidal 
shape, relatively rapidly decreases by wear in a control- 
led manner until an equilibrium situation is reached in 
which further wear is negligible. The shape proposed 
according to the invention also has the advantage that 

35 the proportion of the contact surfaces which act as 
bearing surfaces adjust in an optimum manner in a 
belt/pulley combination to possibly .varying values in 
hardness of the material of either the disc or the ele- 
ments, or to a possibly varying composition of the mate- 

40 rial thereof. - 

[0005] ft is pointed out that Japanese Patent Appli- 
cation 58-189587 discloses an element which has a 
contact surface that possesses an infinite number of 
minute projections, apparently present in stochastic dis- 

45 tribution. The initial contact of said surface is at least 
twenty percent in order to prevent slip and wear. In con- 
trast to what is disclosed in the said Japanese patent 
application, the aim in the present invention is for a 
slight but controlled degree of initial wear. The docu- 

so merit provides no information on possible dimensions or 
tolerances of the shape of the projections. 
[0006] The Derwent abstract of Japanese Patent 
Application 3-1 85686 discloses a contact surface hav- 
ing micro-irregularities obtained by so-called shot Wast- 

55 ing. To increase resistance to wear, the rough surface 
thus obtained is smoothed until a specific proportion of 
the projections acting as bearing surfaces is reached. In 
contrast to this known construction, the present inven- 
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tion teaches that initial wear of the elements must be 
achieved during running-in of a belt in order thus to pre- 
vent shock loading, which can arise as a consequence 
of an unfavourable sequence of successive elements in 
a belt and of elements varying in width within a toler- s 
ance. 

[0007] The invention will be explained in more detail 
below with reference to a drawing and a number of 
embodiments. In the drawing: 

FIGURE 1 is a diagrammatic illustration of a trans- 
mission known per se to which the invention 
relates; 

FIGURE 2 is a transverse view of a possible 
embodiment of a transverse element for a drive 
belt; 

FIGURE 3 is a transverse view of another embodi- 
ment for a transverse element for a drive belt; 
FIGURES 4a and 4b are longitudinal views of the 
transverse element from FIGURE 3 with, respec- 
tively, straight and oblique grooves, in accordance 
with the prior art; 

FIGURE 5 is a diagrammatic cross-section of a 
groove pattern in accordance with the prior art; 
FIGURE 6 is a vertical projection of one side of part 
of a mixed drive belt according to the prior art; 
FIGURE 7 is a view corresponding to Figure 6 of a 
profile according to the invention; 
FIGURE 8 is a view corresponding to Figure 6 of an 
alternative profile according to the invention; 
FIGURE 9 is an illustrative plot of the course of 
wear of the profile with respect to the rotational 
speed of the drive belt. 

[0008] The drive in FIGURE 1 comprises a pair of 
slightly conical belt discs 1 , 2 with a drive belt 3 fitted 
between them. In this embodiment the drive belt is pro- 
vided with a support 7, on which the transverse ele- 
ments 6 are movably mounted. One embodiment of 
such a transverse element is shown in FIGURE 2. The 
transverse element 6' concerned is provided with a 
recess 13 for accommodating a support which, for 
example, can consist of a bundle of metal bands. Said 
recess 13 can be closed at the top by means of a lock- 
ing pin 10, which can be fitted in the bores 1 1 and 12 of 
the transverse element 6'. Another embodiment of a 
transverse element is shown in FIGURE 3. In this case 
the transverse element 6 concerned has a pair of 
recesses 14 in which a support 7 can be accommo- 
dated. The support 7 is usually formed by a bundle of 
continuous elements, such as flat, flexible metal bands, 
placed one on top of the other. In both embodiments the 
transverse elements, 6 and 6' respectively, are provided 
with converging side faces 8 which are able to engage 
on the respective conical contact surfaces 4 and 5 of the 
belt discs 1 and 2, which are usually arranged at an 
angle of approximately 1 1°. With this anangement an oil 
film can be formed between the contact surfaces 4 and 



5 on one side and the side faces 8 on the other side, as 
a consequence of which the drive belt is able to slip with 
respect to the belt discs 1 and 2 and as a result of which 
the transmitted torque decreases. The efficiency of the 
transmission will decrease as a result and excessive 
wear can occur. In order to prevent this the side faces 8 
and/or the contact surfaces 4, 5 must be discontinuous 
or roughened. 

[0009] FIGURES 4a and 4b illustrate the transverse 
elements 6 having side faces 8 provided with a profiled 
surface. Here the profile is defined by recesses in the 
form of grooves 15, which are parallel or oblique with 
respect to the longitudinal direction of the support 7, 
between protuberances in the form of ridges 16, which 
likewise can run parallel or obliquely with respect to the 
support 7. For the sake of simplicity, reference will 
always be made below to the grooved surfaces of the 
transverse elements; however, it will be clear that the 
same applies correspondingly to the contact surfaces 4 
and 5 of the respective belt discs 1 and 2 and to profiles 
which are formed by gritting, shot blasting or shot peen- 
ing. For further explanation of the invention it is, in 
essence, not important as to what is the precise pattern 
of the protuberances, for example formed stochastically 
as by shot blasting or formed in a predetermined man- 
ner and in this case with grooves or protuberances 
which, for example, are straight, oblique, stepped, 
curved or of some other shape. 
[001 0] FIGURE 5 is a cross-section of a groove pro- 
file known per se, at right angles to the contact surface 
8 and in the lengthwise or depth direction thereof. The 
profile comprises ridges 16, which have an effective 
width Ld, and grooves positioned between said ridges, 
said grooves having an effective width Lg. The grooves 
act as a facility for receiving and removing the oil. It is 
desirable to remove oil rapidly so that there is no risk of 
an oil film being formed between the contact surfaces of 
transverse element and belt disc or, if an oil film has 
already been formed, to break this up and reduce it as 
quickly as possible. In order to achieve this, in accord- 
ance with the invention the effective width Ld of the 
ridges must be sufficiently small, so that the oil has to be 
moved only over a limited distance before it is collected 
in the grooves. 

[0011] It has also been found that, apart from the 
effective width Lg of the groove 15 and the effective 
width Ld of the ridge 1 6, the total groove surface, that is 
to say also the groove depth h, is important. According 
to the invention, said groove depth is preferably within 
the range of 15-30 ^m, so that there is a possibility of 
running-in or initial wear and that, on the one hand, even 
after running-in of the belt, or after wear of the side 
faces 8 of the elements, adequate groove volume is 
obtained, so that sufficient oil can be collected, and so 
that, on the other hand, the groove depth or the height 
of the protuberances or depth of the recesses is not so 
high that this causes failure of the protuberances. 
[0012] Figures 7 and 8 show alternatives of nov I 
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profiles, formed in accordance with the insights on 
which the invention is based, for the side faces 8. A 
good flow of the oil from a ridge 16 into the groove 15 is 
retained with these designs, so that a non-uniform flow 
with an undesirable pressure built-up is prevented with a 
relatively high degree of certainty. A sinusoidal profile is 
preferably used according to the invention. This profile 
on the one hand complies with the concept on which the 
present invention is based, that some degree of wear of 
the flank profile is desirable, because the profile has an 
initially minima) contact surface so that initial wear pro- 
ceeds rapidly and easily, whilst, on the other hand, an at 
least quasi-equilibrium situation, in which the proportion 
acting as bearing surface is approximately fifty percent, 
is reached relatively rapidly. The proportion acting as 
bearing surface is the ratio of the surface area of the 
protuberances, or the surface area of all protuberances 
in a side face 8 which is effectively available to bear on 
a belt disc 1 and 2, to the total surface area in which the 
protuberances or recesses are accommodated, for 
example the surface area that is defined by the height 
and width of the side faces 8. The sinusoidal prof fle also 
has the advantage that the recesses do not have any 
sharp corners which could cause damage to the disc 
during running-in and that the resistance to failure is rel- 
atively high. Nevertheless, a ridge 16 according to the 
invention viewed in cross-section can be completely tri- 
angular, although fractional smoothing of the protuber- 
ances can be employed in connection with the 
sharpness of the point. After only slight running-in wear 
on the ridge 16, the contact face 18 of the ridge 16, 
which contact face runs parallel to the side face 8, will 
be so large that the ridge 16 undergoes only elastic 
deformation when sttojected to contact stress with belt 
discs and wear is minimised. In this context FIGURE 9 
illustrates the change in the average height h of the pro- 
tuberance, plotted on the Y axis ("Y"), as- a conse- 
quence of wear, as a function of the speed of revolution 
("X") of the drive belt in a drive belt and belt disc unit 
according to Figure 1. The profile according to the 
invention has been optimised for advantageous utilisa- 
tion of the initial wear of the elements, which phase 
changes. close to point Z, after a few tens of thousands 
to a few hundreds of thousands of complete revolutions 
of the belt, into a quasi-steady situation in which the 
degree of wear of the profile tends towards zero. 
[0013] The shape of a protuberance developed 
according to the invention promotes very rapid seating 
of a combination of belt disc with drive belt, which is 
beneficial with regard to the period for which the belt 
can be subjected to load. On the other hand, as a result 
of stabilisation of the proportion available as bearing 
surface at between forty and sixty percent and prefera- 
bly approximately fifty percent after initial wear of thirty 
to seventy percent of the profile height, the shape 
according to the invention prevents clearing of oil to col- 
lection of oil in the grooves being adversely affected or 
the width of an element decreasing to such an extent 



that problems arise in relation to the margins for the dis- 
tance between drive belt axis and element or between 
the belt disc 4. 5 and the bands 7. In a specific embodi- 
ment, a protuberance, at the height at which quasi-sta- 

5 bilisation of w ar is considered to take place or takes 
place, has a width which, viewed "in profile" in accord- 
ance with Figures 7 and 8. is at most approximately, that 
is to say plus or minus 10 percent, 13 jam, preferably 
approximately 8 urn. The mutual spacing of the protu- 

70 berances. that is to say the centre-to-centre distance, 
must be approximately three times as great in this case. 

Claims 

15 1 . Drive belt (3) for a continuously variable transmis- 
sion having belt discs (2) having an at least partially 
conical contact surface for enclosing a drive belt 
between pairs of said discs, which drive belt (3) to 
this end comprises one or more transverse ele- 

20 merits (6) provided with converging side faces (8) 
intended to come into contact with the contact sur- 
face (4, 5) of a belt disc (1,2) and wherein one or 
more side faces (8) possess a surface which has 
protuberances providing a profile, which surface 

25 has therein contact faces (18), defined by the protu- 
berances, for coming into contact with the contact 
surface (4. 5) of a belt disc (1 , 2), characterised in 
that the profile is shaped such that on cross-sec- 
tioning parallel to the side face (8) concerned, or 

30 after wear of the profile at or down to a level which 
is located at least thirty percent and at most sev nty 
percent of the profile height (h) beneath the initial 
profile height (h), the surface area effectively avail- 
able for coming into contact with the contact surface 

35 (4, 5) of a belt disc (1 , 2) lies within the range of 
forty to sixty percent with respect to the dimensions 
of the side face (8) in which the contact faces (18) 
are present. 

40 2. Drive belt (3) according to Claim 1 , characterised in 
that a protuberance (16) is provided with outwardly 
converging flanks (17). 

3. Drive belt (3) according to Claim 1 or 2, character- 
's ised in that the profile has an essentially sinusoidal 

shape. 

4. Drive belt (3) according to one of the preceding 
claims, characterised in that the profile depth (h) is 

so at least approximately 20 ^m, at most approxi- 
mately 30 \um and preferably approximately 25 urn. 

5. Drive belt (3) according to one of the preceding 
claims, characterised in that the outside of the pro- 

55 file (8) has a fractionally smoothed shape. 

6. Drive belt (3) according to one of the preceding 
claims, characterised in that a protuberance (16) 
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produced as a ridge has a width (Ld) of at most 
approximately 0.13 jum at the height of the said 
level after wear or cross-sectioning and the mutual 
ridge spacing is at least twice as great and prefera- 
bly approximately three times as great. 5 

7. Transverse element (6) intended to be accommo- 
dated in a drive belt (3) for a continuously variable 
transmission and characterised in accordance with 
one of the preceding claims. 10 

8. Belt disc (1 , 2) intended to be accommodated in a 
continuously variable transmission, the contact sur- 
face (4, 5) of which in the radial direction is profiled 
correspondingly to the side face (8) according to 15 
one of the relevant preceding claims. 

9. Belt disc (1 , 2) according to Claim 8, characterised 
in that the profile is provided with a single continu- 
ous, essentially concentric ridge (1 6) or with several 20 
to a very large number of essentially concentrically 
arranged ridges (16). 

10. Continuously variable transmission or vehicle pro- 
vided with one of the structural components there- 25 
for characterised in accordance with the preceding 
claims. 
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